A theory of nematode-plant relations, based on quantitative treatment of plant-parasitic nematodes and host root systems was developed, with emphasis on a separation of parasitic and pathogenic action and the effects of host root diameter. Approximations to real root systems were derived from a cylindric model, of constant volume, with length and area related to root diameter. Area was taken as the curved surface of a cylinder, exclusive of ends; since root tip area is cancelled by that portion of the parent root masked by branch root emergence. A special root model treating only the tips of branch roots and with area represented by the end of a cylinder was developed as a basis for numerical analysis of root-tip feeding nematodes. Parasitic action on the host is distinguished by sparseness of root system; pathogenic action by necrosis and growth malformation. Both parasites and pathogens extract host substance, inject enzymes to facilitate extraction and produce mechanical injury by their feeding activities; both may cause stunting and other reactions of the host. Pathogens differ intrinsically from parasites by their ability to inject toxic or incitant substances into the host. Parasites comprise more than 90 per cent of known species of plant-parasitic nematodes and involve much greater numbers of hosts and total geographical crop areas than pathogens. The theory stresses the importance of population levels, the effects on young plants, the biological control of plantparasite nematodes, and suggests designs for basic tests of their parasitic and pathogenic action. The theory predicts that: (a) plant damage is related to diameter of roots attacked, (b) parasites are capable of causing significant crop losses, (c) certain conditions must exist before crop losses can occur, (d) resistance of small grasses to root-knot and reniform nematodes occurs because their roots are of insufficient diameter to support development and reproduction of the females.
The plant-parasitic nematodes, as now known, comprise several hundred microscopic species of the Nematoda -a large, size-variable class or phylum of morphologically complex and distinct invertebrate animals. Since they have not been cultivated apart from their hosts, it has been difficult to compile evidence for a comprehensive biochemical theory of their host-parasite relations. By contrast, biochemical phenomena afford common ground for ideas relating fungi, bacteria and viruses to their higher plant hosts; and studies with fungus diseases are now progressing with such rapidity, that a well-developed theory is expected within the next decade.
I have found with nematodes a set of mechanical phenomena, which cut across taxonomic and symptomic lines. A quantitative theory of nematode-induced plant disease is presented which provides a broad base for evaluation of the pathologic and economic significance of plant-parasitic nematodes (Hollis 1963).
CURRENT CONCEPTS OF PARASITISM AND PATHOGENICITY
A major problem has been operational definitions of the terms parasitism, pathogenicity, and their derivatives, since the beginnings of experimental micro-biology. In plant nematology, much confusion has come from the fact that each of such terms as parasite and pathogen conveys a variety of meanings -of pathologic or economic significance -determined by concept of disease, scientific definition or popular usage (Mountain 1960) . Nematode researchers (Dropkin 1955 , Fielding 1959 have used the terms more or less interchangeably, to describe relations between plant-parasitic nematodes and their hosts. The problem has been, as in other areas of plant pathology, to discover and determine the nature of pathogenicity. There has been a tendency to regard all plant-parasitic nematodes as potentiali pathogens, and they have been classified as pathogens if they produce pathological symptoms or cause deficits in plant growth or crop yield. These ideas, labeled collectively in this paper as "survey concepts", provided a basis for surveys of nematode prevalence and significance in the United States during the nineteen fifties. Objectives at that time were to determine the pathogenicity of endoparasitic and ectoparasitic nematodes. Results in general fell below expectations; although considerable success attended the discovery and study of disease complexes involving nematodes and other micro-organisms.
A lucid appraisal of Koch's concepts of parasitism and pathogenicity, and his criteria for proof of pathogenicity by Mountain ( 1957 Mountain ( , 1960 outlines the classical theory of nematode-induced plant diseases and points to the origin of current ideas. Koch's concept of a pathogen was based on his experience with individual bacterial species in the bloodstream of an animal host. He believed that the parasitic activities of an organism were the direct and sole cause of the disease. Although pathogenicity was, therefore, part and parcel of parasitism, his experimental data indicated some kind of difference. He made an original distinction by coining the term "pathogen" to designate an organism which causes disease in another organism. It is no reflection on Koch's achievements to point out that the implied definition, by difference, of "parasite", as an organism in the host, unable to cause disease, has had some unfortunate consequences in plant pathology. What was correct in the beginning has become anachronisticattention has continued to be focused on the obvious manifestations of pathogenicity. The not so obvious and the hidden have been ignored or depreciated; but what is more important, the unknown manifestations that might have been brought to light by more subtle probings, have lain undetected until the recent upsurge of fundamental investigations in plant disease. The heritage of Koch's concepts is traceable, therefore, in modern distinctions between parasites and pathogens in plant disease; which reflect also the influence of other major concepts stressing the role of the host and the environment in a dynamic host-parasite relation.
As phenomena worthy of investigation in the field of phyto-nematology, pathogenicity has attracted attention, parasitism has not, and in general has been ignored. This situation arises in part from misinterpretation and misuse of Koch's concepts and criteria for proof of pathogenicity,; but mainly it is due to inadequate knowledge of nematodes and their action. There can be no fundamental objection
